washed with brine and allowed to pass through a bed of anhydrous sodium sulfate.
115
Evaporation of ethyl acetate on a rotary evaporator resulted in solid dipeptide acids.
116
Preparation of Fmoc-X-∆Phe azalactone-Fmoc-X-DL-threo-β-phenylserine was was used to make a branching core for the synthesis of the lysine-branched dimer VSD1.
127
Piperidine treatment of the lysine derivative immobilized on the resin gave rise to two 128 amino groups (α and ε), allowing the synthesis of two identical peptide chains, as shown 129 in Table 1 . The synthesis of the dendrimer VSD1 was accomplished on a K-K2 core 130 generated by coupling of Fmoc-Lys (Fmoc)-OH to the two amino groups of the lysine 131 resin synthesized as described above. The side-chain protections used were Boc (Lys, overnight. An orange color on the resin and a negative Kaiser test indicated coupling.
147
Cleavage of the peptides from resin-Peptides were cleaved by stirring the resin in a 148 cleavage mixture (95% TFA, 2.5% water, and 2.5% TIS) for 2 h at room temperature.
149
The suspension was filtered using a sinter funnel, TFA was rotary evaporated, and the 150 peptide was precipitated by adding cold dry ether. The ether was filtered through a sinter 151 funnel, and the peptide on the funnel was dissolved in 10% acetic acid and lyophilized.
152
Peptide purification and mass spectrometry-Crude peptides were purified by reverse- over 60 min and were found to be 98% pure. The identity of the purified (98%) peptides 160 was confirmed by electrospray ionization mass spectrometry at ICGEB, New Delhi,
161
India.
162
Solubility measurements-Water was added to the purified peptide powders to attain 163 complete dissolution, and the concentration of the peptide in the spun supernatant (13,000 164 rpm, 10 min) was determined by measurement of the absorbance at 280 nm. Extinction assay, peptides were incubated with enzyme for 0, 1.5 and 2.5 hrs respectively. CA) was used for the final image assembly. 
, where Ac is an acetyl group. In order 301 to make initial electrostatic interaction with the negatively charged bacterial membrane,
302
VS1 harboured four lysine residues on its hydrophilic face. An excessive charge has been 303 shown to have deleterious effect on activity (because it prevents structuring) and the 304 optimal charge for maximal antimicrobial activity has been shown to be +4 (10). Our idea 305 for keeping the +4 charge was derived from such studies. Since, valine is the most 306 commonly found amino acid in natural as well as in synthetic antimicrobial peptide two 307 valine residues were incorporated on hydrophobic face to maintain amphipathicity (3).
308
Single alanine, at N-terminus hydrophobic face was incorporated to reduce peptide 309 hydrophobicity while maintaining its helicity. Abiotic residues ∆Phe's were placed two 310 residues apart. In peptides, such placements of ∆Phe have been shown to induce a helical 311 conformation (22) . Taking a cue from the membrane active properties of Trp, a single
312
Trp was also incorporated in the prototype peptide VS1. The helical wheel representation 313 in Fig-1(A) , shows the segregation of polar and apolar faces of a 3 10 helix.
314
Systematic modifications in the prototype peptide sequence 315 15 15 Using the basic template of VS1 (11 residue, +4), systematic variations in the sequence 316 resulted in three sets of peptides. The first set included three peptides VSL1 (12 residue, 317 +4), VSL2 (13 residue, +4) and VSL3 (14 residue, +5). These peptides were identical to 318 VS1 up to 11 residues from C-terminus and differed only in their N-terminus extensions.
319
The second set of peptides were for further studies.
362

Circular Dichroism based Structures of peptides-
363
CD studies show that all the peptides acquired helical structures in a membrane mimetic 364 environment of 20mM SDS (critical micelle concentration for SDS is 8mM) , Fig 3(A) .
365
All the peptides exhibited an excitonic couplet at 267 nm (+) and 298 nm (-) which is the 366 signature for the formation of a right handed 3 10 helix in ∆Phe containing peptides (23).
367
However, different degrees of helicity were observed for the different peptides and a 368 particular trend was observed in each series of peptides, as shown in Fig 3(B) . In the first presence of the peptide in intracellular milieu of E. coli (Fig. 8) . This was an interesting 450 observation as it suggested that although the primary target for activity of VS2 was the 451 bacterial membrane, it might have some intracellular targets also and the bacterial killing 452 by VS2 might be the result of combined effect of the two independent activities.
453
Examination of bacterial lysis by electron microscopy-The effect of VS2 on the 454 morphology of peptide treated E. coli was investigated by scanning electron microscopy.
455
A change in the cell morphology was observed. Increased roughness of the cell wall was 456 observed after 30 min of incubation, while cell shrinkage was observed after 60 min of 457 incubation with the peptides, Fig, 9 (left panel).
458
In TEM micrographs, VS2 appeared to have the most severe effect on the bacterial cell 
464
Discussion
465
The aim of our work was to identify candidates for developing novel potent and cost-466 effective antibiotics, starting with a short cationic AMP as a template and then 467 systematically engineering its structure to enhance the degree and spectrum of activity were designed.
471
The key element in the design of the lead template 11 residue peptide were three ∆Phe 472 residues, four lysine residues and one tryptophan along with valine and alanine residues.
473
The three ∆Phe were separated by two amino acid residues, an arrangement that induces 
